Background: A retrospective group study was done to evaluate the effect of the small AO external fixator in the management of acute intra-articular fractures of the distal radius. Methods: Between January 1995 and December 1996, 70 consecutive patients with articular fractures of the distal radius were treated by closed reduction and external fixation with small AO external fixators. The mean age at the time of surgery was 58.9 years (range, 14-87 years). There were 58 Colles' Barton's fractures and 12 Smith's Barton's fractures. The follow-up period was 104 months (range, 92-118 months). Results: All fractures united in a mean of 5.8 weeks (range, 4-10 weeks). At the final follow-up, the average range of motion was 56.3 ± 11.6° in flexion, 58.6 ± 10.7° in extension, 21.5 ± 4.2° in ulnar deviation, 9.1 ± 2.9° in radial deviation, 71.5 ± 8.5° in pronation, and 67.3 ± 9.2° in supination. Compared with the normal side, the average grip force was 87 ± 6%. The overall clinical and functional outcomes, according to the scoring system of Gartland and Werley, showed that 22 patients (31.4%) had excellent results, 36 (51.4%) had good results, 9 (12.9%) had fair results, and 3 (4.3%) had poor results. Conclusion: Closed reduction and external fixation with the small AO external fixator is useful and effective in the management of displaced comminuted articular fractures of the distal radius. [J Chin Med Assoc 2005; 68(10):474-478] 
Introduction
Fractures of the distal radius are very common injuries, estimated to account for up to 1-sixth of all fractures. [1] [2] [3] Treatment of such injuries can be problematic and demanding, particularly when the fracture is severely comminuted or has intra-articular involvement. The incidence of complications, including stiffness and loss of reduction, has been reported to be as high as 31%.
these fractures, including closed reduction with plaster-cast immobilization, pins and plaster, 5 open reduction and internal fixation, 6 closed reduction and, more recently, augmented external fixation. [7] [8] [9] [10] However, the reports of treatment methods and results are still conflicting. If the distal radius fracture is severely comminuted intra-articularly, the treatment will be more challenging. Restoration of congruity of the articular surface is the most critical factor for a good functional result. If 3 or more cortices show comminution on the anteroposterior and lateral films in conjunction with radial shortening of more than 5 mm and/or intra-articular involvement in the radiocarpal or radioulnar joint, Pennig and Gausepohl 9 have recommended that external fixation be used to restore the radial anatomy. Attention must be paid to prevent possible complications such as re-displacement, pin-tract infection, and late collapse.
We performed this retrospective study to elucidate the effect of the small AO external fixation device in the management of intra-articular fractures of the distal radius.
Methods
Between January 1995 and December 1996, 83 consecutive patients with intra-articular distal radius fractures were treated with closed reduction and external fixation using small AO external fixators in our institute. We use small AO external fixators routinely if there is intra-articular involvement in a distal radius fracture. The only contraindication is poor general health that makes the surgery too risky (American Society of Anesthesiologists status IV or V). Six patients died and 7 cases were lost to follow-up. Data for the 70 patients with complete records were collected for final evaluation.
Thirty-one patients were male and 39 were female. The mean age at the time of surgery was 58.9 years (range, 14-87 years). The mechanism of injury was fall in 47 and motor vehicle crash in 23. Forty-one fractures involved the right wrist and 21 involved the left. In three cases (4.3%), the fractures were open. There were 12 associated injuries, including 5 humerus fractures, 1 scaphoid fracture, 2 ankle fractures, and 1 each of talus fracture, Jones' fracture, femoral neck fracture, and brachial plexus injury. All were managed as needed and would not interfere with the evaluation of the results. All intra-articular fractures were referred to as Colles' Barton's or Smith's Barton's, depending on the pattern of involvement of the distal radioulnar and radiocarpal joint surface and the displacement. There were 58 Colles' Barton's fractures and 12 Smith's Barton's fractures. Fifty-six of our patients underwent surgery on the day of injury, 14 within 1-3 days after injury, and none more than 3 days after injury. All 3 open fractures were managed appropriately within 8 hours after injury.
The aim of treatment was to restore anatomy by application of the fixator in the frontal plane. All fractures were characterized by bone loss and shortening of the affected radius, with dorsal or volar tilt and lateral displacement of the distal fragment. Fractures were reduced under regional anesthesia. After reduction and restoration of radial length and wrist congruity, fractures were fixed and stabilized with the aid of a small AO external fixator. This is a rigid device consisting of 4 threaded pins (2.5 × 150 mm), clamps and connecting bars. After small skin incisions were made and the bones were drilled with a 2-mm drill bit, the pins were inserted manually with a universal chuck, two proximally to the fracture in the distal radius and two in the shaft of the second metacarpal bone. These pins were inserted at an angle of 60° to the horizontal plane. After manipulation and distraction, the fracture was reduced and the connecting bars were applied and secured firmly to the threaded pins with clamps. Anteroposterior and lateral roentgenograms were obtained after the fixator was applied to ensure proper positioning of fractured bone ends (Figure 1 ). 
B A
Most patients were discharged on the day of surgery, except the 3 with open fractures and another 7 patients who complained of severe pain who were discharged on the next day. Physiotherapy and rangeof-motion exercises started immediately after surgery. The first postoperative follow-up was 2 weeks after discharge, and patients were followed every 2 weeks until union of the fracture. All external fixators were then removed and patients were followed every 6 months thereafter. At every follow-up visit, anteroposterior and lateral radiographs were taken. The mean follow-up period was 104 months (range, 92-118 months).
Function was evaluated using a modification of the scoring system described by Gartland and Werley. 11 Residual deformity and subjective evaluation were recorded in the same way as in their original scoring system. Range of motion was determined using a goniometer measuring dorsal and volar flexion, radial and ulnar deviation, pronation, and supination, and the sum was calculated as a percentage of the unaffected wrist. 12 The grip strength was included in the score and measured with a "My-Gripper", and the result was also calculated as the percentage of the unaffected side. In radiographic evaluation, the radial length, volar tilt, and radial inclination were also measured at the last follow-up.
Results
All fractures united in an average of 5.8 weeks (range, 4-10 weeks). We encountered 8 (11.4%) episodes of complications, including 3 patients with irritation of the superficial branch of the radial nerve, 1 with loss of reduction, 3 with pin-tract infection, and 1 with reflex sympathetic dystrophy. The irritation of the superficial branch of the radial nerve was incomplete in nature, and resolved spontaneously and completely within 3 months after removal of the external fixators. In 1 patient with a Smith's Barton's fracture, loss of reduction and collapse of the fracture in 6 weeks led to the development of moderate arthritis at the radiocarpal joint (Figures 2 and 3) . The final range of motion was 45° in flexion, 50° in extension, 20° in ulnar deviation, 10° in radial deviation, 65° in pronation, and 60° in supination. This patient refused any further surgical treatment and had a poor result according to the scoring system of Gartland and Werley. Three patients developed pin-tract infection. With appropriate antibiotic treatment, all symptoms resolved after removal of the pins and there was no sequelae. The reflex sympathetic dystrophy resolved with physical therapy after removal of the fixator.
At the final patient visits, the radiographic evaluation showed that the mean radial length, volar tilt, and radial inclination were 9.7 ± 2.2 mm, -2.3 ± 1.9°, and 18.4 ± 3.3°, respectively. The average range of motion was 56.3 ± 11.6° in flexion, 58.6 ± 10.7° in extension, 21.5 ± 4.2° in ulnar deviation, 9.1 ± 2.9° in radial deviation, 71.5 ± 8.5° in pronation, and 67.3 ± 9.2° in supination. The grip force, compared to the normal side, was 97 ± 8% for right-side fractures and 78 ± 5% for left-side fractures, giving an average of 87 ± 6%. Using the scoring system of Gartland and Werley, the overall clinical and functional result was excellent in 22 patients (31.4%), good in 36 (51.4%), fair in 9 (12.9%), and poor in 3 (4.3%). 
Discussion
Fracture of the distal end of the radius is an injury that orthopedic surgeons deal with frequently. [1] [2] [3] Early scholars studied these injuries as a common group and achieved reasonable results. 11, 13 With a better understanding of the disrupted anatomy and the biomechanics of the injury pattern and improved imaging techniques, surgeons today have the opportunity to improve maximum functional outcome and reduce the possibility of post-traumatic arthritis. 14 Several methods of fixation have been described, and numerous investigators have made biomechanical comparisons of those methods. [15] [16] [17] In a biomechanical study to evaluate and compare the rigidities of 4 external fixators, including the small AO, the mini Hoffman, Roger Anderson, and Ace Colles', using the Instron universal testing instrument, Nakata et al 16 found that the small AO external fixator was the most rigid instrument, about twice as rigid as the other 3. The clinical results of the current study completely agree with their observation. We used small AO external fixators to immobilize intra-articular fractures of the distal radius, and the results were excellent in view of the rigidity of the implants: only 1 patient (1.4%) showed loss of reduction and there was no nonunion.
The union time in this series was 5.8 weeks (range, 4-10 weeks), which is comparable with other series. 15, 16, 18, 19 To evaluate the overall functional result, we used the scoring system of Gartland and Werley, believing that a specific functional index can be used in clinical practice to represent all functions of the wrist joint as accurately as possible. After a mean follow-up of 104 months, 82.8% of our patients had excellent or good results and 17.2% of patients had fair or poor results.
Some controversies still exist as to whether bridging or non-bridging external fixation provides better results in the management of distal radius fractures. Conventional bridging external fixation relies on ligamentotaxis to apply traction and restore displacement. However, non-bridging external fixation may provide better reduction of the distal fragment and better functional results. McQueen 20 compared bridging and non-bridging fixators in a randomized prospective study and concluded that normal volar tilt, carpal alignment, grip strength, and flexion are better maintained with non-bridging fixators. However, their study comprised different types of fractures, extraarticular (77% AO type A) and intra-articular (23% AO type C2), and no comminuted intra-articular (AO type C3) fractures. We agree that, for extra-articular fracture, the pins in the distal fragment may permit the surgeon to have direct control that allows exact repositioning. For intra-articular fractures, however, there is not sufficient purchase on the distal fragments to allow reduction control and maintain alignment. We recommend that bridging external fixation is a more suitable and reliable method for the management of intra-articular distal radial fractures than nonbridging fixation.
In conclusion, closed reduction and external fixation is useful and effective in the management of displaced comminuted articular fractures of the distal radius. Meticulous reduction and rigid fixation with a small AO external fixation device are the key factors to achieving good final clinical results.
